Even after 2 decades of experience in laparoscopic hepatectomy, data on purely laparoscopic approach for donor hepatectomy in adult living donor liver transplantation (LDLT) are limited. We report our initial experience of a purely laparoscopic approach for donor hepatectomy for adult recipients to explore its potential application in the management of donors. We did a retrospective data analysis of 54 consecutive patients operated on between May 2013 and February 2015. There were 41 right, 10 extended right, and 3 left hepatectomies. The median operative time was 436 minutes (range 294-684 minutes), and warm ischemia time was 6 minutes (2-12 minutes). Estimated blood loss was 300 mL (10-850 mL), and none of the patients required intraoperative transfusion. Four cases were converted to open laparotomy. The major complication rate was 16.7%, and biliary complication was the most frequent cause. Patients with normal anatomy had a major complication rate of 9.3% as compared with 45.5% in patients with anatomic variations. All patients recovered, and there was no mortality. In conclusion, a purely laparoscopic donor hepatectomy for adult LDLT recipients seems to be a feasible option; with careful patient selection and when performed by experienced surgeons, it may afford results comparable to the open method.
Living donor liver transplantation (LDLT) is a widely accepted treatment option for end-stage liver disease and early-stage hepatocellular carcinoma as an alternative to deceased donor liver transplantation. Nevertheless, the donors suffer substantially from medical, social, and psychological burden following donor hepatectomy. (1, 2) Because the laparoscopic approach for liver resection is known to decrease pain, be more cosmetically acceptable, and allows for earlier recovery to normal life, it has gained much popularity in recent years. (3, 4) It would, therefore, be ideal to use this approach for the previously healthy donors. After the first report of a purely laparoscopic approach for left lateral sectionectomy in pediatric LDLT donors, it has been practiced in a few specialized centers and has shown comparable results when compared with open hepatectomy. (5) (6) (7) (8) However, experience of laparoscopic donor hepatectomy for adult LDLT is limited. The right liver is more commonly used compared with the left in adult LDLT because it provides a larger graft size, which allows for a smoother recovery of the recipient. However, it is more difficult to approach laparoscopically and is technically more demanding. (1, 9) Even after 2 decades of experience in laparoscopic hepatectomy, the laparoscopic approach for right hepatectomy in living donors is still in the developmental stage (II) under the Balliol classification scheme of the IDEAL model (innovation, development, early dispersion and exploration, assessment, longterm implementation, and monitoring), and the experience remains very limited. (10) (11) (12) (13) (14) (15) (16) (17) (18) At our institution, the LDLT program began in 1996, and the laparoscopic liver resection program began in 2003. (19) After we had performed more than 1000 LDLTs and 350 laparoscopic liver resections, including over 100 major liver resections, our team felt ready to launch a laparoscopic donor program, which began in May 2013 (Fig. 1) . (20, 21) We herein report our initial experience of purely laparoscopic living donor hepatectomy for adult LDLT in order to explore the potential application for a breakthrough in the management of donors for adult LDLT.
Patients and Methods
Purely laparoscopic donor hepatectomy for adult LDLT was initiated in May 2013, and all consecutive cases until February 2015 were included in the study.
All donors underwent a thorough consultation with the surgeon; they were informed that the laparoscopic living donor hepatectomy was still in the explorative stage and the expected outcomes were estimated from our previous experience. The estimated major complication rate would probably be approximately 10% (previous institutional complication rate for open laparotomy was 2.9% (1) ), and conversion to open laparotomy, which would be done in any situation that could compromise the donor safety, would probably be approximately 10% (previous results on laparoscopic major hepatectomy was <10% (20, 21) ). All the operations were done by a single experienced surgeon (C.H.D.K.). The laparoscopic approach for donors has been approved by our institutional review board (number 2014-07-034).
DOnOr selectiOn
The selection criteria for open donor hepatectomy at our institution included the following: donors <65 years of age, macrosteatosis of the liver of <30%, and an expected future remnant liver volume of >30%. However, We initially selected only donors with normal vascular and biliary anatomy. (22) After successfully operating on 7 patients without any complication, we decided to expand the selection criteria to patients with vascular or biliary anatomic variations. However, in an interim analysis, we found that major complications in patients with anatomic variations were too high, so we decided to selected donors with normal anatomy thereafter.
sUrgical tecHniQUe
The positions of the surgeons and ports are shown in Fig. 2 . The detailed surgical techniques have been described previously (23, 24) (Fig. 3) . In brief, after pneumoperitoneum was established at 11 mm Hg, the round ligament was divided, and liver biopsy was taken for final confirmation of liver histology. The coronary and the right triangular ligament were divided sequentially until the inferior vena cava could be visualized. The cystic duct and artery were divided, and the gallbladder was detached from the fossa only on the left side of the division plane. The gallbladder remaining attached to the right liver was used as a retractor throughout the operation and was removed at the back bench after graft retrieval. The right hepatic artery and portal vein were gently dissected and clamped temporarily with bulldogs for demarcation between left and right liver. Laparoscopic ultrasonogram was used to verify the location of branches draining to the middle hepatic vein (MHV). Most of the parenchymal transection, including both the superficial portion and the deeper area, was carried out with an ultrasonic energy device (Sonicision, Medtronic, Minneapolis, MN or Harmonic Ace, Ethicon, Somerville, NJ). When fine delicate dissection was considered necessary, a cavitron ultrasonic surgical aspirator (CUSA EXcel, Integra, Plainsboro, NJ) was used. Small branches were divided using an energy device, but larger veins were clipped and divided using scissors. Significant segment 5 and 8 hepatic vein branches were clipped and divided to be used for reconstruction at the back bench. After approximately two-thirds of the parenchymal transection was completed, the caudate lobe was transected, and the right Glissonean pedicle, which includes the biliary duct and its surrounding connective tissue except for the hepatic artery and portal vein, was completely exposed. Dissection around the sheath was done using sharp scissors, and the use of coagulation was minimized to preserve the microvascular structures surrounding the bile duct. A radiopaque marker was tagged at the estimated transection plane, and an intraoperative cholangiogram was taken. The bile duct was divided, and the remaining stump was sutured using Prolene 5-0. The remaining liver parenchymal division was completed until the vena cava was fully exposed and the graft was placed inside a plastic bag. A 10-13 cm suprapubic transverse incision was made, and intravenous heparin was given. The right hepatic artery was double-clipped and divided, followed by stapling of the right portal and right hepatic vein using a 1-sided staple (Multifire Endo TA 30, Medtronic). The graft was pulled out through the incision by gentle traction of the plastic bag and flushed with histidine tryptophan ketoglutarate solution at the back bench. After reinsufflation, hemostasis and irrigation were done, and a drain was inserted at the right upper quadrant. There were some modifications done throughout our experience. Initially, a 2-dimensional (2D) flexible scope (Endoeye flex, Olympus, Center Valley, PA) was used, but a 3-dimensional (3D) system (Endoeye flex 3D, Olympus) was implemented beginning with the 31st patient (September 2014). Also, the cholangiogram was initially done for the first 5 patients and then was omitted for the following 3 patients because we thought it unnecessary. However, after experiencing some difficulty finding the exact division line, especially in cases with biliary anatomic variations or short common right main duct, it became a routine procedure thereafter.
Results
The clinical findings of 54 living donors who received a purely laparoscopic approach for adult LDLT are shown in Table 1 . Most donors were the children of the recipient (89%), and their right-side livers were Original article | 1549 used in 94% of the cases including 10 (19%) patients with extended right liver with the MHV. Median estimated blood loss was 300 mL (range 10-850 mL), and no patient required transfusion. The change of operative time is illustrated in Fig. 4 . The Pringle maneuver was used only when bleeding was more than usual and was applied in 15% of the patients with a median duration of 25 minutes.
We had 4 cases of open conversion to laparotomy. Two cases were related to portal vein stenosis following division of the portal vein in a trifurcating anatomy, and 1 case was from incidental portal vein injury during hilar dissection. One case was converted for safety reasons in the early period of the program: The donor was 53-year-old patient with a future remnant liver of 31% who unexpectedly was found to have 30% macrosteatosis during intraoperative liver biopsy.
The overall complication rate was 33%. However, half of them were Clavien-Dindo (CD) grade 1 or 2, and 16.7% had grade 3 ( Table 2 ). Bile leak was the most common complication and constituted 56% of all complications. Patients with normal anatomy of the portal vein (type 1) and bile ducts (type 1) (22) had a grade 3 complication rate of only 9.3% compared with 45.5% for donors with either portal vein and/or bile duct variations.
The recipient characteristics are shown in Table 3 . They were predominantly male patients with hepatitis B viral infection and hepatocellular carcinoma. The NOTE: Data are given as n (%) or median (range).
Fig. 4.
Change in operative time. In the last 20 cases, the operation could be done in about 6 hours. median MELD score was 11 (range 7-33) with a median graft-to-recipient weight ratio of 1.02 (range 0.64-1.56). There were 8 ABO incompatible patients (15%) included in the study. There were 5 graft failures. One patient with extensive portal vein thrombosis did not have adequate portal vein inflow so a cavoportal anastomosis was reconstructed, but it resulted in graft failure. Another patient developed graft failure from outflow obstruction that occurred in a small left graft, 1 from hepatic artery thrombosis, 1 from diffuse intrahepatic duct stricture as a result of antibody-mediated rejection in an ABO incompatible recipient, and 1 from multiple septic conditions from postoperative bleeding and bile leakage.
Discussion
After the first implementation of a purely laparoscopic approach for donor hepatectomy in pediatric LDLT in 2002, (7) laparoscopic donor hepatectomy for adult LDLT, which requires a larger graft, was slow to develop and was not well received by the surgical community for 2 main reasons: donor safety and technical difficulty. (2, 25, 26) Therefore, most reports are limited to small patients series of <15 patients (Table 4) . (11) (12) (13) (14) (15) Extensive experience in both LDLT and advanced laparoscopic procedure would be essential to start a safe laparoscopic donor program. We had operated on more than 1000 patients with LDLT and performed more than 350 laparoscopic liver resections, which included more than 100 major liver resections before we launched the program in May 2013 (Fig. 1) . (20, 21) Because of these previous experiences, we managed to have an overall complication rate of 33.3% and grade ≥3 complication rate of 16.7%, which could be considered comparable with previous reports on donor hepatectomy using the open approach. Reports from large multicenter studies from both the United States and Europe and large single-center studies from major Asian centers had an overall complication rate of 10.0%-33.3% and a grade ≥3 complication rate of 2.9%-12.6% (Table 4) . (1, (27) (28) (29) Nevertheless, with the careful selection of donors, further improvement of donor safety can be achieved and would be just as important as the standardization of surgical procedures. We had initially started our program selecting only donors with normal anatomy and routinely used intraoperative cholangiogram. After successfully performing 7 consecutive cases without NOTE: Data are given as n (%) or median (range). Original article | 1551 major complications, we became relatively confident. Therefore, we omitted the intraoperative cholangiogram to reduce operative complexity and expanded the indication criteria to patients with anatomic variations. However, we realized that the major complication rate differed substantially depending on the presence of anatomical variation of the biliary or portal system: 9.3% in patients with normal anatomy compared with 45.5% in patients with variations (Table 4 ). The patients with trifurcation or separate branching of the anterior or posterior of the portal vein or bile ducts often have a wide and thick Glissonean sheath, making the dissection of the portal vein or division of the bile duct technically more challenging. The 2 cases of open conversion due to portal vein stenosis were the result of trying to apply the stapler too far leftward in an effort to have a single portal vein or to have a longer portal vein length on the graft side in patients with this unfavorable anatomy. The 2-3 mm of the portal vein length is inevitably sacrificed from the use of a stapler, so a balanced decision weighing the perceived increased risk on both the donor and the recipient should be made when deciding which approach should be used. Upon evaluation of these results, we have restricted the selection of donors to patients with normal anatomy. Progressive effort trying to simplify and standardize each procedure was also made throughout our experience. (23, 24) First, we began using a flexible 3D scope.
Although we had started our program using a flexible 2D scope, we recognized very early on the advantages the 3D vision could offer and started using it routinely starting in September 2014. The 3D vision offers intuitive visual feedback with a better depth perception, which allows for easier handling especially when difficult procedures such as the suture of a remnant bile duct are done. It has recently been shown that it reduces the operation time during parenchymal transection. (30) Other incremental improvements such as operating between the legs to have a coaxial view, having a welltrained assistant as the camera holder, and inserting the plastic bag prior to the division of the hepatic artery to reduce warm ischemia time are the result of experience and standardization of procedures, and with these improvements, the operative time could be reduced from 11 hours and remain stable after approximately 30 to 40 cases. Although we think that we have reached the learning curve at approximately 30 cases, analysis using only the operative time would not be accurate since there has been a gradual increase of participation by the assistant surgeon as the operator on some simple procedures throughout our experience, and a proper analysis, which should include many other perioperative factors, would be beyond the scope of this article.
The lack of tactile feedback in the laparoscopic setting makes finding the exact line of division of the bile duct an even more challenging procedure, especially in difficult cases such as patients with anatomic variation or with early bifurcation of the right anterior and posterior bile ducts. Some biliary complications we experienced were the result of dividing it too close to the remnant duct. We discovered that among patients with normal anatomy there was not a single major complication observed in any of the patients with a common right bile duct longer than 1 cm in our series. Therefore, we think that improvement of surgical techniques to better find the best division plane could possibly ameliorate the outcome and allow expansion of donor selection in the future. Indocyanine green (ICG) fluoroscopy technology, a new technology used more widely in recent years, has been shown to allow real-time visualization and division of the bile duct. (16) It would make finding the exact plane of division easier, which could improve our current result but more data would be necessary to draw this conclusion. The biliary complication of the recipient is still considered as the Achilles' heel of LDLT. The same principles used in open surgery to reduce the biliary complication, such as the complete hilar plate encircling technique or getting the least number of bile duct orifices in the graft, should also be applied to the laparoscopic approach. (31) We decided to close the remaining bile duct using a continuous suture because it would theoretically provide the longest bile duct on both the donor and the graft. The Prolene 6-0 sutures, which are used during open approach, was changed to Prolene 5-0 after experiencing frequent breakage of the suture material when using 6-0. We think that the larger needle size in 5-0 sutures compared with 6-0 may have been one of the reasons for the high bile leakage rate we experienced (Table 2 ). Using clips instead of suture would not only be technically easier but could yield a better biliary complication rate. However, the loss of 3-4 mm length of the bile duct would be inevitable, and this would result in an increased chance of multiple bile ducts on the graft (53.3% in laparoscopic versus 26 .2% in open), which could lead to an increased biliary complication rate in the recipient. (16) It must therefore be emphasized that the selection of donors should be done wisely and be considered as important as the surgical technique itself in order to assure a satisfactory outcome in both the donor and recipient.
In conclusion, with proper preparation and experience in both LDLT and advanced laparoscopic liver resection, a purely laparoscopic approach for donor hepatectomy for adult LDLT seems feasible with acceptable outcomes in both the donor and the recipient. Our results show that with proper selection of donors and standardization of procedures, purely laparoscopic donor hepatectomy for adult LDLT can be performed safely, providing the donors with the benefits of a laparoscopic approach.
